Abstract. -An overview is provided of experimental and theoretical works on the problem of the temperature induced ferromagnetism.
The phenomenon of the ferromagnetism induced by heating, which it would be natural to call pyromagnetism, is interesting from the viewpoint of (1) statistical thermodynamics (increase of the order as the temperature is elevated), (2) microscopic mechanisms and their relation to the electronic structure, and (3) possible practical applications. Per se, the formation of an ordered phase as the temperature is raised certainly does not contradict the thermodynamic stability condition and is observed in some ferroelectrics. We discuss certain experimental and theoretical indications of this possibiliy in the case of FM ordering. In the simplest case, pyromagnetism would be likely to arise in a localized-spin system described by the Heisenberg Hamiltonian if the exchange parameters J (T) increase rapidly with temperature, so that the condition for long-range order to occur, J (T) > const x T, holds at T > Ts (with Ts the lower Curie point) rather than T = 0. A microscopic model with this J (T) behavior was first considered by Vonsovsky and Agafonova [I] . In their model, the ground state is nonmagnetic and the exchange interaction occurs via magnetic excitons of excitation energy A, so that J (T) N exp (-A/T) .
The loss in entropy due to magnetic ordering is excessively compensated for by the positive contribution of the excitons themselves. A mechanism close to the idea of [I] could be realized in van Vleck magnetics if the exchange interaction in the excited state were a ferromagnetic one. The ground state may be singlet also in the Heisenberg model with strong singleion anisotropy. Experimentally, high-anisotropy alloys and compounds exhibit complicated phase diagrams in H -T coordinates, anomalous sequences of phase transitions being possible (see, e.g., . Berdyshev [5] developed a similar idea -the occurrence of an indirect exchange interaction via thermally excited electrons in FM semiconductors. (As an experimental example, these authors considered the AFM-FM transition in Li,Mnl-,Se, accompanied by an insulatormetal transition [6] . In reality, a double exchange interaction mechanism is likely to operate in this compound.) This approach is close to the problem of the photoinduced ferromagnetism, which was reviewed by Nagaev [7] , who gave a critique of the approach 151 and showed that in reality the effect is considerably weaker since RKKY theory becomes inapplicable at small electron concentrations. Now we proceed to discuss itinerant-electron systems. Experimentally, the ferromagnetism was observed to vanish with decreasing temperature in a weak band magnetic Y2Ni7 [8] (T, = 7 K, T, = 57 K, p = 0.02 p~) . In [9] , however, this effect was not confirmed; in this context further research is needed. Specifically, detailed magnetic measurements in weak magnetic fields should be carried out since the extrapolation from the region of large magnetic fields at low magnetic moment values is ambiguous. Such work is under way in the Institute of Metal Physics. It is also of considerable interest to probe LazNi7-or CeNis-based alloys with partial replacement of La and Ce by rare earths or of Ni by Co and Fe.
According to a recursive band structure calculation of YzNi7 [lo] , the Fermi energy in the PM phase lies near a narrow density of states peak, a fact which makes the PM state of the low-temperature phase more probable than the AFM state. The simplest theoretical explanation of the pyromagnetism in the itinerant-electron model could be as follows. Proceeding from Stoner's formula for the magnetic susceptibility where g (E) is the density of states, and I the Stoner exchange parameter, and assuming Xo (T) to be an increasing function at low Ts, one can readily see that at certain I values.the ferromagnetism criterion IXo (T) > 1 will hold at T > T, # 0. The nonmonotonic dependence Xo (T) may be obtained for various g (E) models and is particularly characteristic of the case where a narrow density of states peak arises near the Fermi level. Thus the possibility of first-order phase transitions as the magnetization is increased, for such a situation, was indicated in [ll] (see also [12] ). If the impurity peak (quasilocalized state) is spin-polarized (e.g., a Fe impurity in Pd), then, allowing for the many-electron effects, the quantity I depends also on T, having a maximum [13] . This factor, too, promotes pyromagnetism. A x (T) dependence with a maximum arises also in the hybridization model In a weak band magnetic, an important role attaches to spin fluctuations, which contribute X (T) -T~'~ to the denominator (1) [18] and are formally stronger than the N T~ effects under consideration. Moriya [19] argued that spin fluctuations should suppress pyromagnetism. Nonetheless, in the situation considered (the presence of well defined peaks), the standard theory of weak itinerant magnetism is apparently inapplicable and the problem needs further exploration (see, e-g., [201) . A still more complicated and more interesting situation arises in the case of strong magnetics with local moments. As is known, spin fluctuations here may lead to the local-moment amplitude increasing with temperature (temperature-induced moments) [18] ; this increase is observed, for example, in CoS2. In [18] this mechanism was invoked also for explaining the susceptibility maximum of a nearly magnetic semiconductor FeSi. Another interesting possibility is the existence of metastable states with different values of magnetic moment. Thus the ground state for 7-iron [21] is specified by small p's and an AFM exchange, whereas the metastable state is characterized by a large p and an FM exchange. A similar situation occurs for Mn impurities in Fe and for Fe impurities in Cr [22] . The presence of these two states may lead to order-foreigndisorder transitions [23] , and also to AFM-FM transitions as the T is raised. The latter transition type is really observed [24] in a system with two spin states, MnAsl-,P, [25] . In reality, "anomdous" (compared with the case of pure rare-earth metals) AFM-FM transitions as the T is elevated are widespread and, from a macroscopic standpoint, differ little. from pyromagnetism. These transitions occur, for example, in FeRh [26] , Mn2-,Cr,Sb [27] , Crl-,S [28] , Fel-,S [29] , Fez-,A1, [30] , R3A12 (R = Gd, Tb, Dy, Ho) [2] . A conventional explanation of these transitions is the sign reversal of the exchange interaction when the lattice spacing varies with temperature [31] . However, the Bethe-Slater description of the magnetism in terms of the Heisenberg model does not conform to the contemporary level of theory. In a number of cases the transitions involved should apparently be accounted for by the electronic mechanisms. In the presence of local moments interacting with conduction electrons the Kondo effect may be essential which leads to s u p pression of the moments as the temperature is lowered. It should, however, be borne in mind that, in turn, the RKKY interaction among magnetic ions may enhance as the T is decreased [32] . Recently, a large number of ferro-and antiferrornagnets have been discovered which exhibit the Kondo effect. One of the features peculiar to these materials is a small saturation moment value compared with the Curie constant. There is also a large number of nonmagnetic rare-earth and actinide compounds with the Kondo effect or intermediate valence, which display a x (T) maximum. A simple phenomenological description of these materials may be obtained in terms of a model with a Kondo peak at the Fermi level or in terms of a hybridization model.
All the cases considered above may provide a basis for studying the conditions for the pyromagnetism effect to occur in reality.
